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TIDEWATER AHD WEATHER-EXPOSURE TESTS ON METALS
USED IN AIRCRAFT

By Willard Mutchler and W. G. Galvin
SUMMARY

Tidewater and weather—-exvosure tests oan various alunmi-
num alloys, magnesium alloys, and stainless steels are now
being conducted by the National Bureau of Standards. Ex-
posurses were begun in June 1938 and, according to present
vlans, are to continue over a 3Z-year period. The methods
of exposure and the materials being investizated are de-
scrlbed and the more important results obtained up to the
conclusion of the first year's exposure dre reported.

INTRODUCTION

Althousgsh the baslic objective of the exposure program
1s to determine the relative susceptibility to corrosion,
under saline conditions, of a number of alloys used in
aircraft, several other feabtures are being simulitansously
investigated. These features include a study of the cor-
rosion behavior of riveted and welded assemblies, of vari-

ous disgimilar alloys in contact with each other, and of
certaln surface treatments and paint "schedules' used as
protective coatingsg, )

The tests embrace three distinct ressarch projects
dealing, respectively, with the behavior on exposu¥re of ™
(1) aluminum~-rich alloys, (2) magnesium-rich alloys, and
(3) stainless steels, all in the form of sheet, thin ex-
trusions, or castings. The programs for the first two ma-
terials parallel esack other rather closely, since the same
features are belng empnasized in the investigation of sach.
For this reason, in the present paper, the aluminum and the
maegnesium alloys are simultaneously considered as light
metals, on the basis of the particular purpose for which
the pansls were designed. The stainless steels are sepa-
rately discussed and the prime objective is to determine



2 . N.,A.C.A, Technical Hote No. 7386

which of several compositions is_ the most corrosion resist-
ant under the conditions of the tesgt.

The authors wish to express their gratitude to the
cooperating manufacturers who prepared the panels, namely,
the Aluminum Company of America, the Dow Chemical Company,
the American Steel and Wire Company, the Carnegle-Illinoils
Steel Corporation, the Edward G, Budd Company, the Inter-
national Nickel Company, the Bell Aircraft Corporation,
Fleetwings Incorporated, and the Naval Aircraft Factory; to
the cooperating officials at the Hampton Roads and Coco
Solo Naval Air Stations; and to the sponsors of the project,
the Army Air Corps, the National Advisory Committee for
Aeronautics, and the Bureau of Aeronautics of the Navy De-
partment.

EXPOSURE TESTS ON LIGHT METALS

Procedure . - - .-

Materials.-~ The chemical analyses of the aluminum and
the magnegium alloys used in the investigation are glven
in table I, together with their . conditions of-fabrication,
and the thickness. Details relative to heat treatment are
contained in table II. The aluminum alloys of paramount
interest are: (1) 24ST, a duralumin-type mataerial; (2)
Alclad 2437, in which a coating on both surfaces, conslat-
ing of approximately 99.7 percent aluminum and constituting
10 percent of the %otal thickness of the sheet, protects
the 24ST core; (3) B53ST, ecsentially a binary alloy con-
teining 1.25 percent magrnesium; and (4) 525—1/2H, another
binary alloy containing approximately 2.5 percent magnoslunm.
The two magnesium alloys were: (1) Dowmetal M, esgentially
a binary alloy containing 1.4 percent manganese; and (2
Dowmetal H, a termary alloy with approximately 6.5 percent
aluminum and 3 percent zinc. These names have heen wused
throuwghout the renort for convenlence, although the results
are believed to be typical of the class represented and not
of the specific alloy used.

Iyves of pansl.-~ All the exposure panels were prepared
bv the cocperating manufacturers and have over-all dimen-
sions of 4 by 14 inches (fig. 1). The thickness of sheet
panels 18 usually 0.040 inch, dut the thickness of extrud-
ed, cast, or forged sections varies up to a maximum of 0.25
inch (table I). Most of the panels were assembled in one of
the three ways illustrated in figure 1: type 1 for the in-~
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veatigation of rivets or warlous paint schedules; typs 2,
for welds; and type 3, for diseimilar metals in contact.
Seven panels of each kind were prevarsd, four for the tide-
water tests and three for exnosura‘to the atmosphere. All
unpainted panels, prior to exposure, were cleaned free '
from grease in trichloroethylene vapor and were washed with
alcohol. - see- T T

Methods of exposure.—~ The tidewater and the weather-~
exposure tests were conducted at Boush Creek, at the Naval
&ir Station, Bampton Roads, Va. This site was selected be-
cause of ‘temperate climate and marine conditions. Views
of the exposure racks are shown in figure 2. The weather-~
exposure racks face northeast and are sltuated directliy
over the water, the bottom of the suppoTts being approxi-
mately 2 feet above mean high tide. Panels are supported
at an angle of 459, : S - P

The tidewater panels are wmounted edgewise, with the
flat surfaces vertical (fig. %) with bakelite separators,
each 3 inches long, to hold the panels ubright. ZEach sep=
arator was so designed that only four small projecting -
"pointg," each 0,008 square inch in area, actually come
into contact with the panel; hence, they permit adeqguate
drainage. 3Both the pansels and the separators are suspend-
ed on bakelite-covered monel-metal rods, which, in furn,
rost in slotted monel-metal angles. Monel-metal spPTFings,
next to the outermost separators on each end, assure con-
tinuwed close contact of the separators with the panels.

The tide range at the test site averazes about 2-1/2
feet and the tidewater panels are situated (fig. 2) in the
middle of thisg range,. They are therefore completely im-
mersed at high tide and out of water at low tide fof ap=
proximately 5S5-~hour periods twice every 24 nours. - =

IS .-

Salinity deter minations on a sample of water from
Boush COreek revealesd that the chloride (Cl) content was 12,2
varts per fthousand, and the sulphate (S0,) content 1.75
parts per thousand, while the pE was 8.0. OQcean water”
contains approximately 20 and 2.8 varts ver Sthousghnd, re-’
spectively, of chloride and sulphate, and has a pH of
8.0 - 8.4, The s az=Dle tested From Boush Creek probabdly
represents the mirimum salinity at thaet locality, sincs it
was removed at low tide and aftér s4v8ral days of inter-
mittent rainfall. It is believed that tie Boush Creek
water is comparable with ocean- -water as a corroding medium.
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Inspectiong.~ The test panels were placed in the exvo-
sure racks during the week of June 11, 1938. Some of the
panels that were more susceptidble to corroslon than others
were withdrawa, from only the tidewater racks, after sxpo-
sures of 2 days, 1 month, and 3 months. After an sxposure
of 7-1/2 months, & complete set of panels was removed from
the tidewater racks, and some of the more susceptible pan-
els were taken from the weather-exposure racks. At the end
of the first year, another complete set was removed from
the tidewater racks, and also a complete set from %he
weather—exposure racks (exclusive of those withdrawn after
7-1/2 months, '

All panels in the tidewator tests gradually hecame
covered with a mixture of-vrganic green slime and calloldal
mud, but only & very few barnacles were present at the end
of the first year. The tidewater panels were cleaned, prior
o examination, Dy rudding them with a soft scrud drush and
hot water. Oare was taken to preserve all corrosion prod-
ucts in position as far as possible. The weather-—oxposure
panels were not- cleaned prior to examination bdbut, in some
instances, were lightly rubbed with a soft cloth to .remove
adhering -dust. :

The progress of corrosive attack has. been closely fol-
lowed by means’ of macroscopic examinations and natural-sizo
bPhotographs of ‘sach panel. ., The regults are presented in
this report by reproductions of the photographs. Several
of the panels will ultimately be dismantled to permit more
thorough examinations of faying surfaces and to make such
Phygical tests and microscopic examinastions as are consld-
ered necessary.

The system for identification of the photographs in
this report is as follows. The larger letters at the tops
or the bottoms of vertical columng apply to each column in
its entirety. Similar letters on the right of horizontal
'rows llkewlse apply to the entire. row. Smaller lettering
is applicable either to a2ll the photozraphs of a figure or
to detailed units of.each panel, the arrangement being ev-
ident. -

Investigation of Hivets

Riveted aluminum—-allioy panslg.- A debtermination was
made of the electrolytic effects involved when rivets of
538ST and. anodized 17ST and A-17ST (tadble I, items 13 - 15)
are used for Jjoining 528-1/2H, 53ST, Alclad 24ST7, and an-
odized 24ST alloys (table I, items 2 —~ 5).
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Type .1 paunels {(fig, 1) were used throughout, and the
faying surfaces were insulatad with NeopPrene PAW Tape, =
fabrie impregnated with synthetlc chloroprene- “fbber and
ginc chromate. All rivets were of the brazier-head tyve
conforming to Wavy Department Specification 43R5b, Type 2,
Class A, with a 1/8 1nch diameter shank.

The L?ST and AL7ST rivets were anodically treated in
either one of two ways: T : - -

(1)} Anodized in a 9-1/2-percent chromic acid electro—
lyte for 3Q minutes at 40 volts and at 350 0.

(2) -Anodized in a 15-percent sulphuric acid electro—
lyte at 25° €., with a current density ¢f 12
amperes per square foot for 30 minutes Sealed
by impregnation with lead chromate formed by
immersion in lead-acetats solution, washing,
and then immersing in potassium dichromate 80—
Jution. Thig treatment is commercially known
as the Alumilite 205 process. -

Half the total number of each kind of rivet was an-
odized by each of the methods, and the two types of dsat-
ing were alternated waen rivets were driven dn the panels,
All of the anodization of 24ST sheet was done in the chromic-

acid electrolyte, with the exception of panels in which 535T

rivets appeared and upon which the sulphuric-acid electro-
lyte was used. The corrosion resistance of the sealed al-
unilite coatings was somewhat superior to that of the wm+"
sealed chromic—-acid coatings, waich checks the results of a
orev1ous investigation (reference 1).

Withdrawals of the riveted aluminum-alloy nanels were
made after 7-1/2 and 12 months in the tidewater tests and
after an exnosure of 12 months to the weather. The tide-
water tests disclosed that both the anodized A-178T and the
535T rivets were ancdic with respect to 24ST alloy. Corro-
sive attack was very severe, especially on the 53ST rivets,
from which at the end of a year several heads had corrodsd
completely off (fig. 4). On the other hand, corrosion of’
the anodized 17ST rivets used with 24ST alloy was oaly in
1ts initial stage after 1 year's exposure. No attack what-
ever was observed after a year in tidewater on any of the
rivets tested when they were used to Jjoin alloys 528—1/2 H,
53ST, or Alclad 24ST (fig. 5). Hence, the differencss in
"potentials involved for these combinations, in salt water,
are elther very small or the alloy of which the main pansl
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consists is anodlc with respect to these rivebtes. If the
main panel is anodic with respect t¢ the rivets, the sur-
face area of the rivets was so small, as compared with

that of the main panel, that no acceleration of attack on
the panel material was noted.

The tidewater tests showed that alloy 525-1/2 H was
the most resistant to attack, with alloys 53ST (sheset or
extruded) and Alclad 24ST only slightly less eo. Alloy
24ST, anodized or untreated, was noticeadly less resistant
to-attack. Unanodized forged 14ST panels (table I, item 1)
corroded in a manner comparable with other duralumin-typve
alloys.

The initial withdrawals of the riveted aluminum~zalloy
panels in the weather-exposure racks occurred &t the end of
the firegt yesar (fig. 6). There was a marked difference in
the behavior of these panels and those from the tidewater
tests. No evidence appeared of accelerated aittack on %the
rivet hsadsg that could be attributed to differonces in po-
tential. The attack of the anodized A-17ST and the 53ST ¢
rivets used to join 248ST alloy was no worse than that of
the anodized 17ST rivets, Both the main panels and the
rivets possessed small localized areas of corrosive rattack,
particularly on their earthward surfsces. The anodically
treated 24ST panels, however, were practically unattacked,
indicating that no fallure of the coating had yet occurred.

Riveted magnesium-alloy panels.- Dowmetal M (table I,
tem 17) was selected as the main-panel material ian the in-
vegtigation of the behavior of rivets on magnesium alloys.
The rivets included 53ST and AM558 alloys (table I, itoms
15 and 18). Anodized 17ST rivets (tadle I, item 13) were
uged on several type 3 panels, and information was there-
fore "obtained on their behavior. The type 1 panels were {.
insulated with Neobrens PAW Tape at the faying surfacos;
the ‘type 3 panels were uninsulated. All the magnosium—
'+ alloy vansls were anodically treated in accordance with
. Navy Svecification PT1l3a, that is, anodized 1/2 hour at 2
amperes per square foot in .an electrolyte contaiuning 10-
percent sodium dichromate and 2-percent sodium phosphate
at a »pE of 4.5. Prior to anodization, the panels werse
vickled for 5 minutesg in & 15-percent sclubtion of hydro—
fluoric acid.- All magnesium-alloy paris 1in the exposure -
tests were given.this protective surface treatment, unless
otherwise stated. Since magnegium alloys would not be
used on aircraft. without the application of protective coat- ¥
ings, check sets of each panel were prevared in the painted
condition.




The tidewater tests on unpainted panels conclusively
showed that AMS55S rivets were the most satisfactory for
Joining magnesium alloys (fig. 7). The 538ST and anodized
17ST rivets reacted with corrosion products formed from L
Dowmetal M, and corrosive attack began during the first
day. At the end of 1 year, the heads had all corroded off
the 53ST rivets, and the 17ST rivets had completely dlsin-
tegrated; whereas, the AM558 rivets were still in good con-
dition. Tests on unpainted panels were discontinued at the
end of 1 year. _ S

The condition of the painted panels exposed to tide-~
wvater 1s also shown in figure 7. The paint schedule on
the type 1 .panels (tadble III, scnedule 8) differed slight-
ly from that on the type 3 panels (table III, schedule 10),
but both schedules consisted essentially of dn aluminum- ~

pigmented V10O varnish applied over a P27 primer. Paint
failures bezan at the rivets after an exposursd of adbout 1
month and, though considerably more advanced, were still
practically confined to these areas at the end of 1 year,
It is probable that, had the AM5S5S rivets been ancdically
treated, paint. failures cn thelr heads would have been min—
imized. : —

The results of the weather-exposure tests (fig. 8) con-—
firmed those of the tidewater test, but corrosive .attack on
the rivet heads was very much less severe and the paint
failures were much less advanced at the end of 7-1/2 months,

Investigatlion of Welds

Welded aluminum-allov: vanelg.— A study was made of the
corrosion behavior of electric-resistance spot and seam
welds and of gas welds on aluminum alloys. Welded panels
were of type 2 (fig. 1), bdut the overlapping faying sur-
faces were absent on gas-~welded vansls, which were butt-
welded, The alloys used for welded panels were Alclad 24ST,
528-1/2 H, B3ST, and extruded 53ST (table I, items 3 - &),
all w1thout protective coatings., In both the weather—~
exposure and the tidewater exposure tests the welds proved
very corrosion resistant, and withdrawals were made only
at the end of 1 year. - Gag welds were of the following com-
binations: I
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Alloys Welded Together Filler Rod
528~1/2H sheet to itself ' 528 -

. 528-1/2H sheet to 53ST sheet : 28
525~1/2H sheet to extruded 53ST plate 28
Extruded 53ST plate to itself 538

The freedom from corrosive attack on the tldewater
panels (fig. 9) indicated the absence of pronounced elec-
trolytic potential effects., Attack on the weather-
exposure panels was confined to small, localized areas,
principally on unwelded parts of the, nanel and mostly on
the earthward surfaces.

Spot-welded panels, on which dlssimilar aluminum al-
loys were joilned to each other, are also shown 1in figure
9, -The corroslive attack on the welds was relatively very
glight and no more than occurred on panrnels where alloys
. of the same composition were Joined together (figs. 10 and
11). In general, however, the spot welds showed slightly
more attack than the gas welds, the greatest amount bsing
present on the 5?ST panels and the least on the 525~ 1/2E
panels.

The seam welds tended to be somewhat less corrosion
resistant than the corrasvonfing spot welds. The worst
attack, although not severe after a year in tlidewater, occ-
curred on the 5387 shoet material (fig. 10). Both spot
and seam welds were more corroded in the weather-exposurs
(figs 11) than in the tidewater tests,.

Welded magnegium-alloy panelg.—- The hehavior of Dow-
metal M alloy, anodized after welding, 1g 1llustrated 1in
figure 12. It will be noted that, at the end of a year in
the tidewater tests, the spot welds were severely attacked,
both on painted and unpainted panels. OCorrosion began
within 2 days after installation on the unpainted spot
welds and within a month on the painted spot welds. Cor-
roslon at the unpainted gas welds was no worse than on %the
- rest .of the vpanel dbut, on the painted panel, fallure oc-
curred at the weld. The superiority of gas-welded over
slectric-resistance spot-welded Dowmetal M was also appar-—
ent from the weather-exposure test (fig. 12), but the attack
was less gevers.
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Contacts with Dissimilar Metals

The frequent, necessity, in_aircraft construction, of
contacts of dissimilar metals, makes the portion of the
program devoted to the potential effects involved in such.
contacts of extreme importance. In order to obtain basic
information, no insulating materials were uséd at the fay-
ing surfaces and the panels were not painted. Panels were
of type 3 (fig. 1), with two 4- by l-inch strips of the
dissimilar alloy joined to the main panel at each end. -
Since the ratio of the areas of the dissimilar metals is
often a determining factor in the resulting corrosion,
many of the panels were prevared- .ln such a way that the
ratlo was reversed with respect to each metal. If, for
example, alloy A formed the main panel, and alloy B the
strips, in one instence; in another, alloy B was the mailn
panel and A the strips. :

Contacts of aluminum alloys with each other.- The tide-~
water tests revealed that the potential differences were
relatively low in various two-member combinations of alloys
528-1/2H, 53ST, and Alclad 24ST (fig. 13). Each of these
alloys, however, was anodlic to 24ST and was attacked when
in contact with it (fig. 14). Potential dlfferences were
highest for the 52S-1/2H and 53ST alloys, and these were
very severely attacked when in the form of a l-inch widse
strip fastened to the main vpanel of the =alloy 24ST. With
the surface area relationships reversed, however, corrosién
was much less severe. : o

Contacts of aluminum alloys with plated steel.~ On a
number of panels of aluminum a2lloys, & l—~inch strip of
zine~ or cadmium-plated S.A.E, X41Z0 steel was used as the
‘contacting dissimilar metal. The electrodepositsd coating
in eadh case was 0.0005 inch thick. Aluminum alloys
£§25-1/2H, 53ST, and Alclad 24ST appeared anodic, or pro-
"tective, to cadmium in both the tidewater and the wesather-
exposure tests (fig. 15). The aluminum alloys, however,
were not severely attacked. Zinec, on the other hand, was
anodic to the aluminum alloys, being more so to the 525~
1/2H and the 53ST alloys than to the Alclad 24ST and 24ST
materials, The zinc coating was almost completely removed
by corrosipn when in contact with the 5?S7172H, 53ST, or
Alclad 24ST panels; whereas, the ceadmium coating, in con-
tact with the same alloys, was practically unattacked.
Both the coatings suffered severe corrosion when in con-
tact with 24ST alloy.
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Contacts of sluminum alloys with stainless steel.-
Couplings of the aluminum alloys with stainless steel
(table V, item 2) are shown in figure 16. The tidewater
tests disclosed that stainless steel was definitely ca-
thodic to the aluminum alloys, although a decided area
effect was apparent. When the steel formed the main pan-
el, the attack on the aluminum alloys was very much more
severe than when the conditlons were reversed. Potentlal
differences appeared to be lower between the steel and the
Alclad 24ST and 525-1/2H alloys but, even in the weather-—
exposure tests, appreclable corrogive attack occurred.

A series of panels was included, at the request of
the Bureau of Aeronautics, only in the tidewater tests, in
which various methods of insulation at the faying surfaces
were studied. Panels of type 1 (fig. 1) with stainless—
steel strips (table V, item 9) wers used on the following
painted (table III, schedule 7) aluminum alloys; 528-1/2H,
anodiged 17ST, anodigzed 24ST, Alclad 17ST; and on unpalnt-
ed Alclad 17ST. Type AN430-D Thomeon head, anodized 17ST
rivets, were used throughout. The insulation systems at
the fayineg surfaces wore:

(1) ©No insulation.

(2) Four sheets 0,002-inch aluminum foil, Navy Spec-
ification ACl1074, Grade A, with aluminum washerg, Type
ANS80~A-6, under rivet heads.

(3) COellulose Tave, Tyne 72787, Minnesota Mining and
Manufacturing Company.

(4) Grade & cotton Fabric, Navy Specification AC6-97,
impregnated with Kauri (Bakelite Type) seam compound.

(5) Grade A Cotton Fabric, Nayy Specification AC5-27,
impregnated with commercial soya-Ttean oil and Dulux Clear
Spar Varnigh, Navy Specification Viie (1/2 plus 1/2).

(6) Grade A Cotton Fabric, Kavy Svecification AC6-97,
impregnated with Bitumastic, Type B23. . _ .

After a year in the tidewater tests, the panelg were
removed, cleaned, inspected, and reinserted. No photo-
sraphs were taken, dut the following constituted the more
important concluslons:

(1) The stainless—steel strips showed no attack on
any of the panels. N :
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(2) Rivet heads were practically unattacked on (a)
all unpainted Alclad 17ST panels, irrespective of The sys=
tem of insulation, and : (b) all nanels where the insulat~
ing medium was aluminum foil, =T

(3) Rivet heads were all fairly severely attacked on
painted panels of Alclad 17ST, 17ST, and 248T alloys, ir-
respective of the system of insulation. Rivet heads on
SES—I/EH panels were appreclably less attacked.

(4) Failures, extending 1/4 inch inward from the
edges, were prevalent on 2ll painted panels except 525~ .
1/2H, on which failure was in only the initial stages. On
vainted vanels, less corrosion products were preésent on
the 5285-1/2H and Alclad 17ST than on the remaining alloys.

(5) As judged by the quantity and the distribution
of corrosion products present around the cdges of the stain-
less—-ateel strips, the best systems of insulation Wwére those
in which lmpregnated cotton fabric was used. When impreg-
nated with soya-bean o0il plus varnigh or with Kaurl seam
compound, the amount of corrosion products was réIaflveI& ]
small and occurred ot small local areas. Whon impregnated
with ditumastic, the attack tended to be somevwhat more Sen-—
eral,’ ' -

(6) The cellulose tape, aluminum foll, and noninsu~ _
lated systems were relatively inefficient. Corrosion prod-
uects were present in considerable quantity and wers dlstrlb-
uted more or less generally.

Contacts of sluminpum alloys with nickel alloys.~ The
aluminum alloys were used as the l-~inch-wide contacting
strip on a series of main panels.consisting of nickel,
monel metal, .and Inconel. - The tidewater and the wea?ﬁer—
exposgure tests revealed that the aluminum alloys were anod-
ic toward these nickel alloys and were severely attacked
when in contact with them (fig. 17). The potential dif-
ferences invelved were apparently of the same magnitude as
those between the aluminum alloys and the stainless steel
and indicate the advisability of insulating such contacts
in practice. :

Contactsg of aluminum alloys with magnesium alloys.—
The tidewater tests demonstrated that the magnesium alloys
were anodiec to the aluminum =2lloys and that the potential
differences were very high. Extremely raplid attack oc-—

curred, accompanied br deposition of cotrrosion products gn_
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the aluminum alloys; several unpainted vanels wero with-
drawn after an exposure of 2 days. The Dowmetal M alloy
wag more rapldly attacked than the Dowmetal H alleoy, the
reverse of. which was true when these materials were not
in contact with dlssimilar metals.

Microanalytical tests showed that besic magnesium
carbonate was the principal product deposited on the aluml-
num alloys, together wlth approximately 3 percent of sodium
chlorids. The resulting coatings were exceedingly corro-
sive toward the aluminum alloyse and, on unpalnted panels,
all the l-inch-wide aluminum slloy strive were completely
disintegrated by the end of the sixth month. The ultimate
corrosion product on the aluminum—~alloy strips consisted
of hydrated aluminum oxides and small amounts of magnesium,
sodium, and chloride ions. The disintezration of alloy
245T, when it constituted the main panel and Dowmetal M the
strips, was complete after 3 months, the metal being en-
tirely converted into corrogion vroducts. .

Potentlal differences were highest between the magne-
slum alloys and the 24ST and the Alclad 24ST alloys and
lowest with masnesium alloys and the 53ST and the 525-1/2H
alloys. The B38T arnd the 52Sé1/2ﬁ alloys are tc be pre-—
ferred when the use of alumninhum in contact with magneslum
alloys is necessary. Under severe corrosive condltlions,
however, the counpling of these materials is inadvisable,

. Tesgts on the unpainted panels were discontinued at the end
of the first year, owing to the severity of the attack
(fig. 18). :

The insulation afforded by the paint coatings was in-
sufficient to prevent falrly rapid attack in the tidewater
tests., On the painted panels, paint—Ffallure on the slumi-~
num alloy strips was practically complete at the third
-month, and the attack thereon was severe at the end of a

year (fig, 19). ' :

In the weather-exposure tests, on unpainted pansls,

the l-inch-wide contacting strips of Dowmetal M on 2487,
Alclad 2487, and 53ST alloys were completely disintegrated
at the snd of 6 months; similar strips were fairly severe-
ly attacked when joined to alloy 525-1/2H., TUnder the same
conditions, however, Dowmetal H strips were very much less
attacked and were in no case disintegrated. When the Dow-
metal ralloys constituted the main panels and the aluminum
alloys the strips, severe corrosion at the faying surfaces
occurred only with the Alclad 24ST and 24ST combinations,
On the painted vanels, failures were relatively small after
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a year's exposure, being greatest on the Alclad 24ST and
24ST strips (fig. 19), Hence, with adequate insulation at
the faylng surfaces, provided that corrosive conditions
are not too severe, these alloys could prodadbly be used
together successfully.

Contacts of magnesium alloys with each other.—- The re-
gults of the action of Dowmetals M and H, when in contact
with each other, are shown in figure 20. The tidewater
tests revealed that Dowmetal M was anodic to Dowmetal H,
and strips of the former disintegrated entirely, even on
nainted panels. In the weather-exposure tests, however,
the attack was not severe, even on unpainted pahels. Un-
der relatively mild corrosive cdnditions, therefore, thess
couplings should give satisfactory service when given a
nrotective paint coatinsg. :

Contacts of magnesium alloys with stainless steels.-
The coupling of magnesium alloys with stainless steel (ta~
ble V, item 2) proved the worst of all tae dissimilar metal
contacts tested, as the maznesium alloys were very severely
attacked (fig, 20) Immediately after the first tidewater
had covered the panels, violent budbbling of the water oc-—-
curred, and the reaction was audible for a distance of ap="
proximately 15 feet. The Dowmetal M was attacked somewhat

more rapidly than the. Dowmetal H. An adherent white corro-

gion product was deposited on the steel; the deposit was
0.004 inch thieck at the end of 2 days. The white deposit
gradually becams removed and the underlying steel was un-
attacked. When the main panels consisted of Dowmetals,
they were attacked so severely around the edges of the
stainlesg steel strips thnat most of the latter ultimately

fell off. The appearance of panels at the end of a year ~—~ ~

in tidewater tests, and of 7~ 1/2 months in weather—-exposure
tests, is shown in figure 20. The attack was much less se-
vere on the weather—exposure than on the tldewafer panels,
and failures on the painted panel,s were not very far ad-—
vanced after 7-1/2 months.

Investigation of Protective Coatings

For the investigation of protective surfawve coatings,
panels of type 1 (fig. 1) were used. The paint schedules
(tadles III and IV) were avplied Dby the cooperating manufac~-
turers who prepared the panels. -The ‘main body of each pan=
el, and the strips attached thereto, ‘were of the sameo &l1loy.

Prior to assembly, the strips and the main panel were sépa-
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rately painted wlth all except the finish coat, which was
applied after assembly. Rivets were given a "touch-up”
with primer before the finish coat was applied.

Paints on anodized aluminum allovs.- A rather conpre-
hersive research on the protection of aluminum alloys hav-~
ing already been completed (reference 1), only a few paint
schodules, thought to be superior, were included in the
present tests., All paints were applied to anodized 245T
alloy, and the strips were joined with anocdized 17ST riv-
ets. Panels were removed from the exposure racks only at
the end of the first year (fig. 21). No failures on any
of the paint schedules were in evidence on the woather-
exposure panels. Likewise, 1in the tidewater tosts, no
failures were obgserved when two coats of—V1i1 or V10 var-
nishes were applied over a P27 primer (table IILI, sched~
ules 3 and 4), nor when three coats of V10 varnish (tadle
III, schedule 5) constituted the schedule. Paint failures,
entailing failure of the finish coats to adhere to the
primer, were beginning with the Ll2a lacquer on a P27 prim-—
er (table III, scheduls 1) and the E2V1i5 varnish on a P23
primer (table III, schedule 6). The 52V15 varnish on a P27
primer (tadble III, schedule 2) was in much better condl-
tion, but there were indications of failure in 1ts earli-
est initial stages. To date, the tests have clearly in-
dicated that properly protected durslumin alloys are very
resistant to extremely corrosive conditions.

Surface treatmentg and paints on magnesium alloys.-
The protective surface coating€s on the magnesium alloys
were avplied with two aims in view, namely, to determine
(1) the relative efficiencics of the various paint sched-
ules and (2) the relative merits of the "chrome-pickle"
and the anodic surface treatments. The panslsg coneisted
of either Dowmetal M or HE throughout, with the exception
of the rivets, which were unanodized AME5S alloy. The an-
odlc treatment was performed in accordance with Navy Depart-
ment Specification PT13%a, as described earlior in this re-—
port. Extensive laboratory tests performed at the Natlonal
Bureau of Standards have shown taat improved corrasion
regslistance and better vaint adherence generally result 1f
the anodic treatmsnt is appliled for 1 hour, rather than for
30 .minutes, as required in the specification. The chrome-
pickle treatment entailed immersion of the panels for ap-
proximately 2 minutes.at room temperature in a bath con-~
taining 1.5 pounds of sodium dichromate and 1.8 pints of
concentrated nitric acid (svecific gravity 1.42) per gallon
of water.
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The surface appearance of panels initially included
in the program and exposed for 1 year to tidewateér (fig.
22) indicated the possibility of using the alloys under
relatively severely corrosive conditions, provided that
the best available surface treatments and protective naint
coatings are utilized.

Complete paint failure occurred on all the unanodized
aluninum alloy AM55S rivet heads in approximately 3 months.
The need for anodizing these rivets was apparent and some
check panels on which this precaution was taken have re-"
cently been inserted in the racks. Initial pain® failures
algso occurred during the third menth's exposure oanly on
. the magnesium alloys with the inferior paint schedules.

For all practical purposes, the chrome-pickle and the
anodic surface treatments were equally efficieént with re-
spect to paint adherence, althouzh on Dowmetal H paint
failures were generally somewhat more advanced on the ano=
dized panels.

It will be noted (fig. 22) that, except for fallure
around the rivet heads, two of the paint schedules afford~
ed relatively excellent protection after a year's exposure
in tidewater (tabdle III, schedules 10 and 12). This re-~
sult atteste to the considerable progress made in the de-
velopment of methods for the protsction of magnesium al-
loys; only a few years ago it would have been considered
impossible to protect these materials for as long & time
under such severely corrosive condiftions. It is noteworthy
also that, while five of the paint schedules included fin-
ish coats of aluminum-pigmented varnishes that cohformed
to Navy Specification V10, two of these proved much superi-~
or to the others. It follows that conformity to this spec-
ification is not necessarily an assurance of the highest
merit attainaeble in a varnish. ©

In the weather-exposure tests (fig. 23), after a year,
paint failures were confined to the AM555 rivet heads, ex-
cept on two of the inferior schedules (table III, schedules
5 and 6), irrespectlve of the method of surface treatment.

4 series of annealed Dowmetal M panels, prepared by
the Bell Aircraft Company at the request of the Bureau of
Aeronautics, was exposed to the weather, dut not in the
tldewater tests, at both Hampton Roads and Coco Solo, The
paints, in each instance, were applied to chrome-—pickled
and anodized (PT1l3a) surfaces. 1In this series of panels,
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painte applied to anodized surfaces were in better condl-~
tion at the erd of the year than those on carome-vickled
surfaces., Two finieh coats were anplied over & P27 primer
and gall the paints were Berry Brothers' products (table
IiI, schodules 14 - 23), The tests were discontinued at
the end of a year, owinv to the fact that palnt failures
wege more or less general on all the panecls (fizs. 2% and
24 .

The tests again emphasized the rneed for careful salec~
tion of paint scheduwles. For examole, the use of unpig—
mented lacquers or varnishes applied to untreated surfaces
(fig. 23) resulted in more or less uniform corrosion of
the metml. 3Baking treatments afforded little, if_any. im~
provement in protection, Althoush- the corrcosive attack
was somewhat Iess when surface treatments were also util-
ized, the inferiority of the unplgmented paint coatings
waes evident, The oranZe-vellow and the Navy gray pignments
in the L12 and Li2a lacqguers and in the E4D and ES5D enam-
els (fig. 24) also proved unsatisfactory. These coatings
were badly cracked and chalked at the end of the year.

The aluminun-pnizmented vehicleg afforded the best protec—
-tlen, but failures were quite numerous on bthese.

EXPOSURE TESTS OF STAINLESS STEERL

Katerials and Procedure

The principal purpose of the exposure tests of stain-
less steel was to estadblish the relative corrosion resist-
ance of the 18-8 type alloye, with and without addltions
of~the customary alloying clements, such as columblum,
molybdenum, and titanium (table V). One alloy containing
8lightly higher cuantities of .chromium and nlckel and an-~
other nominally containing 16 percent chromium and 1 per-—
cent nickel were also included. The stainless steels were
in shaeet form, 0.01l8 inech thick. All of the sheets, wlth
the exception of the 16-1 chromium-inickel alloy, hed pol-
ished finishes. ALl were masslivated for approximately 1
hour in 20~percent ritric acid at about 62° C. TFaying sur-~
faces were protected with a petrolatum paste containing
copper. The electric—-resistance shot welding was done by
the Edward G. 3udd Company. Each weld was rubbed lightly
with emery to remave layers on whlch carhiae precipitation
nignht have occurred.
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For each alloy, seven shot~welded panels of type 2
(fig. 1) were. exposged, along with seven unwelded 4~ by 14~
inch sheets. , Four panels of each tyne were exposed to
tidewater and three of each to the atmosphere. Completes
sets were withdrawn from the racks after 7-1/2 months and,
from the tidewater racks, after a year.

Supports for tidewater tests.— Most of the panels of
stainless steel were supported in the tidewater racks in
the same manner as the light metals (fig. 3), except that
thin copper:shims kept the bakelite, separators from contact
with the steel, A number of panels of straight 18-8 alloy
were suspended in the tidewater racks between sepadrators of
materials such as wood, glass, hard rubber, bakelits, monel
metal, copper, and brass. For each supporting mateFial,
panels were suspended by the "four-point" method used in
the mein orogram and also so that contact was established
with the stainless steesl over an area of approximately 1
square inch,

The tests have shown that any of the materisls used
are sultable for suspending stainless steel in tidevater
tests, provided that the four-voint method is used. Where
the areas of contact were relatively large and no provi-
gion was made for drainage, "inert! materiasls such as wood,
glass, hard rubber, and bakelite were relatively unsatis—
factory (fig. 25), even though springs kept the susperding
mediums in very close contact with the'steel. Painting 3f
wood and bakelite separators tended, if anything, to in- .
crease the severlty of the attack. Monel metal, drass, or
copper separators proved satisfactory irresvective of the
method of suspension, or whether a complete electric¢ cir-
cult was possible. Owing to the possidbility that theéy may
influence the rate of attack on the panel, because o¢f po-
tential differences and the existence of electric cirduits,
it is deemed unwise to use dissimilar metsdals for supports
in tidewater tests.

Results of Tésts

Corrosion was much more noticeable on the stainless-~
steel panels exposed to the weather than on those in the
tidewater tests. Panels exposed to the wéather became
covered mors or less uniformly with thin, but adherent,
rust films (fig. 26). The rust formed during the first
month and gradually became slightly thicker during the
year. Accumulation of dust and soot may have been partly
responsible for the corrosion.
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The guantity of rust dresent on the 16-1 chromium-
nickel alloy. was Zreater than on the others. The straight
18-8 and 19-9 types and the 18-8 Iype containing columbium
or titanium.all behaved approximately alike, and the rust
film thereon was quibe thick after a year, The amount of
rust on the molybdenum-containing steel was very much. less
than on the others, and it was clearl y the moe% corroslon
resistant (fig. 26). . - : - :

It may also be observed (fig. 26) that, in several in-
stancer, there wis considerably more rust on the shot welds
than on the rest of the panel, This rusi, however, was not
assoclated with deep pits. It is therefuvre probable that
the physical properties of the sheet were not adversecly af-
fected, although it is planned to check this result by
means of flexural fatisue tests on uhcorroded and corroded
panels. The welds on the molybdenum~vearing steel were
much less rusted than on the others.

Corrosive atteck on the tidewater panels (fig. 27)
was 8light and was confined to a few small localized areas.
An exception was the 16-1 chromium-nickel alloy on which
several areas of rust occurred. Two rusted arecas, oach
roughly 1/2 inch in diameter, were present on panels of
the straight 18-8 and 192-9 types, but—these areas are
scarcely sufficient evidence to warrant the conclusion
that these maoterinls are less corrosion resistant than the
other alloys. A faew of the st welde showed some attack
- but no more than con the remainder of the panel,

In view of fthe superior corrosion resistance of the
molybdenum—~contalning steel in the weather-exvosure itests,
additional panels were inserted at the end of the first
yaoar, These panels include two alloys, one with 2.7 per-
cent, and the other with 3.6 percent molybdenum (table V,
items 10 and 11). - In addition to the determination of %he
relatlve moerits of the hicher and lower molybdenum con-—
tents, the tests will furnish information on the effsectlve-
ness of various surface treatmoents and of copypsr—~ gnd alu-
minum-bearing pastes at—the faying surfaces. A series of
estainless steels of _various compositions is also being in-
serted -in .the tidewater racke at monthly intervals, in or-
der to ascertain whether the season of initial exposure
ultimately influences the rate of corrosion,.
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CONCLUSIONS

The conclusions that follow are principally based upon
the behavior of the various materials when subjected to
extreme saline conditions, as exemplified dy the tidewater
tests. The corrosion behavior of a metal is always a func-
tion of a specific combination of a number of variables.

In the present investigation, for example, marked differ—-
ences sometimes occurred in the corrosion of nresumably
identical. panels, depending upon whether they were exposed
in the tidewater or the weather-exposure tests. In fact,
in a few instances the corrosive attack was more severe on
panels exposed to the weather, which normally would be re-
garded as a less severe method of test. It is highly prob-
able that, in general, under mild, nonsaline conditions of
éxposure, corrosion would have bteen very much less severe.
Drastically different exposure conditions, such as are en-
countered in industrial ceaters, would also influence the
corrosion behavior.

1. Alloy 523-1/2H nroved the mcst corrosion resistant
of the aluminum alloys tested and also the one least at-
tacked when in contact with other aluminum alloys, magae-—
sium alloys, or stainless steels. A4lloys HZST, Alclad 24ST,
and Alclad 1757 were likewise very resistant, but the two
Alclads were somewhat more susceptible %o attack when in
contact with dissimilar alloys. Alloys containing copps?,
such as 1737, 24ST, and 14ST, were much more susceptidle
to corrosion, especially when in contact with dissimilar
metals. ' T

2. Dowmetal M proved more resistant to corrosion than
Dowmetal H, but the reverse was true when these magnesium
alloys were in contact with dissimilar metals,

3. Stainless steel that comtained molybdenum proved
more corrosion resistant than did those with additions of
columbium or titanium, or than those without additional al-~
loying elements. An alloy containing 16 percent chromium

and 1 percent nickel was much more susceptible to corrosion

than the others. The stainless steels corroded worse in
the weather—exposure than in the tidewater tests.

4. In general, the magnesium alloys proved much more
susceptible to attack than either the aluminum alloys or
the stainless steels,
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5., Anodized 17S? rivets proved far better than ano-
dized AL1l7ST or 53ST rivets for joining aluminum alloy 24ST,
but all three were satisfactory for 501n1ng alloys 525— 3
1/2H, 53ST, or Alclad 24ST. - —

6. AMH5S rivets proved far superior to 53ST or ano-
dlzed 17ST rivets for Jjoining magnesium alloys.

7. On aluminum alloys 525-1/2H, 53ST, and Alclad 24ST,
Joined to themselves or %o each cther, gas wolde proved very
resistant to corrosion. Spot welds tended to be somewhat
more suscaeptidble to attack, while seam welds were consider-
ably more susceptible., Welds on 53ST allcy were more prone
to attack than welds on the other two.

8. On Dowmetal M spat welds were very susceptidls to
attack but gas welds were quite resistant. Gas welds, an-
odized dut unpainted, were in quite good condltlon after a
¥year in the tidewater tests.

9. Heavier formations of rust tended to form on the -
ghot welds of stainless-steecl panels exposed to ths weatheor,
than on the unwelded portions of the sheet. Welds showed
the least rust on the molybdenum-containing stesl.

10. Alloys 528-1/2E, 53ST, and Alclad 24ST proved
gsulitable for contact with ecach other, but all were ancdilc
to &lloy 24ST and were attacked when in contact with it.
They were more severely attacked when thelr areas weare
small as compared with that of alloy 24ST, in whilch case
alloy 525-1/2H was very badly attacked.

11. Zinc coatings, electrodeposited on S.A.F. X4130
steel, proved unsatisfactory for contact with aluminum al- =
loys, and were severely attacked. Cadmium~vlated coatings
proved satisfactory for contact with aluminum alloys 525-
1/2H and 53ST in the tidewater tests, and also with alloys
Alclad 24ST and 24ST in the weather—exposure tests.

12. The aluminum alloys were all anodic to nickel
and to nickel alloys such as monel metal and Inconel, and
were severely attacked when in contact with them., The
monel metal and the Inconel themselves nroved very resist-
ant in the tidewater tests, with nickel only slightly less -
e0s The nickel alloys discolored to a mottled brown in
the weather-exvasure tests.

13, The aluminum alloys were all anodic t5 stainless
steel, potential differences being of approximately the
same magnitude as with the nickel alloys. Attack on the
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aluminum alloys was nuch less severe when thelr arsas wero
larze as compared with the steel. o
14, The masgnesium.alloys were very anodlc to stain-
less steel and were very rapidly attacked when in contact
with it, " "=

15, Cotton fabrics impregnated with soya-bean oil and
varnlish or with a Kaurl seam compound proved satisfactory
for insulating the faying surfaces of panels consisting of
stainless steel and painted aluminum alloys. Such insula-~
tion, however, occasionally resulted in more severs COrro-
slon of rivet heads than gccurred when no insulation was
uscd. OCellulose tave, or aluminum foil, proved inadequate
for insulation. B '

16. The magnessium alloys were very anodic to all the
aluminum alloys and corroded with the formation of a nrod-
uct which, in turn, was very corrosive to the aluminum al- ~
loys. Alloys Alclad 24ST and 24ST were very badly affected.

17. Dowmetal M alloy was anodic to Dowmeital H alloy.

18, Good grades of varnishes conforming to Navy De-
partment Specifications V10 or V11, .and applied over P-27
primers, adequately protected anodlzed 24ST alloy in the
tidewater tests. . T

19. The chrome-pickle.and the anodic treatments (PTlca,
on magnesium allors were practically equally efficient in -
promotlng paint andherence. TThere dimensional changes_are_tq
be avoided, -however, the anodic treatment is recomrisnded.

20. The tests demonstrated that it is possible to
protect magnesium alloys adeguately against very severe
corrosive conditicons, but that the choice of surface treat-
ment and paint schedules is restricted to a few combina-
tions. Some aluminum-pigmented varnishes that conformed to
Navy Department Specification V10 afforded adequate proted-
tion, while others that also cgnformed to the specifica-
tion, failed. Clear lacquers and varnishes and those not
nigmented with aluminum powder generally failed within a
short time.

National Bureau of Standards,
September 28, 1939.
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TABIT I.

Chesicel Cormposition of Aluminum Alloys and Magpesiim Allors

T tem Designatlon Fabrication Thidk—x — Chemical Cgmpositlon_jnercent) Other
- of material® _ iness {in)| 41% | ey | %% wn fr e | si | 7n | olements
1 |14s7 Torged vlate | 0.225 |93,12] 4,37 0,44]0,76| ~- |0.51 | 0.80] -~ -

2 |24sm Sheet 040 [93.25] 4011 1.8] W65| - | 20| 160 - -

3 |alclad 2457°! doe 040 {93,285 4,11| 1.6 .86] —— | #30| W16} —- _—

4 |525-1f2E doe ,040 (97,04 .01| 2.41] .00{0.24} 21| .08 — —
§ |B3sT doe 2040 [97.66] .02 1.85| OO} .24} 15| W64 -- -

6 |538T IZxtruded plate| 125  [97.60] .02| 1.24| 01| 23| ,16] 74| ~ —

7 |5381° dos 125 |97.58]  L03} 1.26] .00} .24 J18] 71| -- —
8 |24g7¢ do, W13 193,11 4.23] 1e54| 465 -~ | o223 | L16| -~ —_—

g |1750d 4| Sheet L064  |94,37| 3.73| 65| .55] (00! .30 | .40{0.00 —_
10 Alclad 17513} do. 064 [94,57| B.50| 58| .55{ (00} .30 | 40| .00 —_—
11 245”1 do. 0064 94.05 3.75 1.50 050 .00 , «10 .10 .OO —-—r
12 |ses-1/2% | do. 064 |96.89| .03| 2.65{ 01| 22| J30| .10{ W0O| -
13 178 Rivets 0125 94009 3094: b4 054 oOl? ' 056 -36 —— —
14 |A178m do. 136 |96.36] 2.46( W32] .02} W00} .as| L0 - —
15 |53s™ dce 2135  197,568] .01l 1.21] .00} .37 .20 | 7B} - —
16 |AMB5S doe 125 195,69 .01} 4,08 00| 00| 14| .07 ~ -—
17 |Dowmetal ¥ |Sheet Q80 03| <.01198.56(|1.36] -~ | J014<.01| - Ca 0.27
18 Dome‘ba.luH Extmded Plate ol& 6.3 00056 90025 023 - kb .008<.01 592' Pb 0.01"‘-05
19 |Dowmebal B [Cast «188. 6.6 |00 }89.90] .21} —— |1.007 .01]3,0 | —
8Analyses by the cooperating mamifacturers, unless otherwise indicateds The sluminum alloys were.

analyged by the Aliminum Company of America; the megmesium alloys, Dy the Dow Chemlcal Companye
brhe Alclad coating contained 0.06 percent Si, 0.17 percent Fe, 0.09 perceat Cu, balance slumimme
SCasd for 1~ by 4-inch strips.

dﬂnalyses by the Maval Aircraft Factorye Elemenus, except copper and alwmlmum, were determlned
spectroscopically.

SYalues cxceeding 89 percent were obimined by differcnces
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TABLE II. Beat Treatmente of the Alumimum Alloys

(A1l heat treatments were performed by the cooperating mamfacturer, the Aluminum Company
of Amsrica.)
. Solutlon
) - Deslgnation Heating heat
Iten of material modivm treatment Quenchant Aged
: tan;oera.ture
°F,
1 1487 Air 930 - 950 Air 10 hours at 340°F,
2457 and |
2, 3 Alclad 24sT Nitrate bath 910 -~ 930 Cold water Roam temperature
8 2457 M 910 - 930 d0e do.
5, 6 535T * doa 980 ~ 980 do. 18 hoprs at 315°
. 325 Fa
7 535T - doe 960 ~ 980 do. 8 hours at 340° T.
15 533 dos 960 ~ 980 doe 6 hours at 355° ¥.
. .
13, 14 175 ang AL7ST 30 - 830 - 850 . doe Room temperature

. The numbers correspond wif'h those in table I.

: hJéxll r:Lvets ma::e reheat~ trea,ted once,| after anodlzing and before driving, to permit forming of
driven heads. ’ :
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TABLE III. Paint Schedules Used for Protective Coatinge
on Aluminum and Magnesium Alloys N
Faint ' Designation in Paint | . Deslgnation in
¥ .
schedule® Goa ffgﬁ?—ég schedule® Goat figuresB
1 1 |Berry Bros. 31t-A 71 "1 1 | Sherrin-Williams 25596
S, 3 |Fuller Tacquer 112a® 2, & |Berry Bros. 9292
2 1 |Berry 8ros. 31G-4 g 1 |Watson-Dowmetal 1
2, 8 | Pratt & Lamoert 10° | & |Watson-Dowmetal 1
3, 4 | Brooklyn Varnish 74
3 1 Berry Brosg. 316—A g™ 1, 2 | Watson-Dowmetal 1
2, 3 | Dulux RC-147° 3, 4 | Brooklyn Varnish 74°
4 1 Berry Bros. 316-A 10" 1 Watson-Dowmetal 1
2, 3 | Dulux Vc-779° 2,3,4 Brooklyn Varnish 74°
5 1,2,3| Dulux Vo-779° 11 1 | Bakelite XE-8483
2 Bakelite XE-8483
6 1 | Brooklyn Varnish P~14 3, 4 | Bakelite XE-6440°
2,3 | Pratt & Lambert 10¢

8Faint schedules were used as follows: 1-4, on aluminum alloys only; 5—6,.on
both aluminum and magnesium alloys; 11-23, on magnesiwn alloys only, with
schedules from 14 to 23 applied ounly to Dowmetal ¥ panels prepared by the

b Bell Aircraft Factory.
See table IV for the specifications to which the paints conform.

CAluminum-pigmented, 1/2 pound per gallon, with No. 1571 Albron Extra Fine
Lining Paste conforming to Navy Specification M2ll, Type B. This- product
was the one used on all aluminum-pigmented varnishes except those indi-
cated by footnote f+

dAluminum-pigmented, lsl/E ounces per gallon,

CAluminum~-pighented, 1—1/4 pounds per gallon, when used on aluminur alloys,
and 1-1/2 pounds per gallon, when used on magnesium alloys.

fAlumi num pigmented with 422-resh Aloran Extra Pine Powder conforming to
Navy Specification 5241, Type B.

€0range-yellow pigmented with cadmium lithopone. ILacguer contains a max-
imum of l2-percent nitrocellulose, & minimur of 48-percent resin, and a
rinimum of 40-percent pigment.

Bolear lacquer applied only to polished surfacés. Coates sir dried on some
panels and oven dried on others,
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TABLE.III (Continued)

Paint Designetion in " paint Designation in
t .
_Schedule Coa figures schedule Goa? figuresD
12 1 Bakelite XE—8483d 18 1 Berry Bros. FR7
2 Bakelite XE-8483 2, 3 | Berry Bros. Ll2a€

3, 4 | Bakelite XE- 2944°

13 1 Dulux P—63—X~48015 19 1 Berry Bros. P%?
2, 3| Dulux vc-779° 2, 3 | Di Noc 2122%:
14 1 Berry Bros. F27 20 1, 2 | Di Noc 2122h'1
2, 3 | Berry Bros. L12f
21 1 Berry Bros. P37
15 1 Berry Bros, PR7 2, 3 | Berry Bros. F4D°
2, 3| Berry Bros. L12%
22 1 Berry Bros. P27
16 1, 2 | .Berry Bros, 112h 2, 3 | Berry Bros. ESDP

17 1 Berry Bros. P27 P 23 1 Berry Bros. P27
2, 3| Berry Bros. Ll2a ) 2, 3 Berry Bros. v10c

ischedule used on aluminur-alloy pesnels to which stainlese-steel strips
vere joined for the study of insulation at faying surfaces.

J

Schedule used only on megnesium~zlloy panels prepared for the 1nvestiga—
tinn of rivets. - -

kAlumlnun—pignented 1 pound per gallcns - = T

Vooats sir dried on some panels and each baked 1 hour st 250° F. on others.

Dschedule used only on magnesium-alloy panels prepared for the investlga—
tion of welds. -

NSchedule used also on panels on which megnesium alloys were in contact
with dissimilar metals,

Oy 33-gallon varnish, resin not specified, with a minimmm of 48~percent
pigment consisting entirely of lead chromste.

PNavy—gray pigmented with 48—percent titanium dioxide, 48-percent zinc, i
and 2-~percent lampblack. -

9Some panels pigmented as in footnote £, others not pigmented.



TABLE IV,

The Palnte and Varnishes Used, and the Specificaiions to Which the Products Conform

Tsed in Navy
Trade neme paint | specifi- Cheracteristice
schedules |cation
Berry Bros. Berryloid Z:mc Chronate Primer :
316-A 1,2,3,4 PR27b Have & minimm nonvolatile of 604
Berry Bros. Berryloid Zinc Chromete Primer [14,15,17-19,; P37 . contalning aboub 45% vehicle and
21-23 - | 55% pigment. Resin not specified.
Dupont Dnlux Zine Chromate Primer Pigments contain & minimm of B854
P-63-X-48013 13 P27 zine chromate and a maximm of 15%
Sherwin-Willisms Zinc Chramate Primer 35996 7 P27a magnesivm sillcata.
Watson-Standard Coe Spec:r.a.l Dowmetal Primer o
No. 1 8,9,1C. B
Bakelite Anti-Corrosive Primer XF-8483 11, 12 P27° |Hass approximately 46§ phenol formal-
. : ’ dehiyde resin, 39% zinc chromate,
7% mlca.
Brooklyn Varnish Go. Esuri P-14 Priner 6 P23d | A B3-gallon, phenol formaldchyde
varnish, with & minirm of 28%
" resin, Pignent conteing 33% zinc
chromofe, 674 iron oxldes
Pratt & Lanmbert No. 10 Almmime Mixing .
Varaish , 2, & 52V15b |A long oil, 66-gnllon varnish, with

resin a mixture of rosin ester and
rosin, and & nonvplatile of zbout
52%

MNumbers correspond to those in table TII.

“Products do mot conform gtrictly to the Spocification llsted Put are of & aimilar type.
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TABLE IV (Contimed)

Used in | Navy
Trade name | paint glspecifi- Charecteristics
achedules |cation _

Dupont Dulux VG-779 Varnish 4,5,13 | v104 73-gallon varnishes having a rin-

Bakelite Marine Spar Varmish XE-6440 11 710 imun nonvolatile of 607 which in

Berry Bros. Spar Varnish 23 V10¢ twrn contains a minimm of 28%

|Brooklyn Varnish Cos HNos 74, Spar Varnish 8,9,10 V104 phenol formeldehyde resin.

Bakelite Marine Spar Varnish XB-3944 12 710° A 12-1/2 gﬁllon, phsﬁol Iformalde--
hyde, varunish.

Dupont Dulux RC-147 Varnish 3 Til Heve o minimum nonvolatile of 44,1 .

Berry Bros. @lyceryl Phthalate Varnigh $299 7 v1ld contalning in turn o minlom of
404 glyceryl phthalate resin.

Barry Broass E4D Qrange-Yellow Enamel 21 E4D | A 35-gnllon varnish, resin not
gnecified, with o minimm of 48%
pigment consisting entirely of
lead chromate.

Berry Bros. ESD Navy-(ray Enamel 22 B5D Has & minimum of 25% glyceryl
phthalate resin and 25% pigment,
with a maximm of 50% volatile.

Berry Bros. L12 Laequer 14,15,16 | 112 A nitrocellulose lacquer,

Faller Co. Ll2a Iacquer 1 Ll2a Contain a minimum nonveletile of

Berry Bros. Zl3a Lacquer 17, 18 | Ll2a 80%, consisting of 204 madl mm

! nitrocellulose, 80% minirmm
glyceryl phthalate resiue

Berry Bros. Di-Noc 2122 Lacquer 19, 20 - Ingredieﬁts not furnisched.

8fuhors corraspond to those in table IIT.

CProducts do not conform strictly to the Specification listed but are of a similar type.
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TABLE V. Chemical Composition of the Cold-Rolled
Stainless Steel Sheets

(Analyses made by the cooperating manufacturer, the American
Steel and Wire Company. Ultimate tensile strengths of the
mater%als ranged £rom 150,000 to 175,000 poundsg per square
inch. .

Designa~ | Com—~
Ttem tion in | mer-
figures | clal

Chemical:composition ~ percent

1 |37 Mo 316 | 17,91{11,08(0.08 {1,41{0,006 | 0,015{0.364 | Mo 3.67 |
2 | J5mi | B21]17.56] 9.12| .07 41| .008 | .015 | .463 |mi .50

3 | o5 Cb. | 347]17,84| 9.90| 08| 46| 007 | q15 | +200 | Cb .53

4 +8 Cb =~ | 18436 8465 08| 40} 020 »010 42 | Cb .80
5 |18-8 302 [ 178 | 730 &10} 459} =~ - 245 -
6 |19~-9 306 | 19,99 2,82| .09} 49| .010 «018 | «271 ——

7 | contacts | 304|18,54| 8,17 07| .54 012 | 007 | .434] -

8 |16-1 - {17.70] 1.62| 08| 72| J021 | .012 | .518| --
9 | - " b | 1843 | 8.4 | .08] .33 - 1 - - -~
10 | ~- 316 | 17.79 [10.72] 05127 012 | 011 | .34 |Mo 2.70
11 | == | 317]18.80{13.70| .07|1.68] ,014 | 008 | «29 | Mo 3.60

&Heat-aged to 180,000 pounds per squars _inch.

PMaterial furnished by Sharon Steel Company and used for panels
on which it was insulated from various aluminum alloyse.
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corrosion of rivets or paint coatings; type 2, for welds; and type 3, for dissimilar metals

Figure 1.~ Types of panel used in the exposure tests. Type 1 panels were designed for investigating the
in contact, All dimensions are in inches.
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Figure 3.- Views of a model showing details of the method used for suspending

 TOP - OBL THUE = EWanm

TOP VIEW

penels in the tidewater exposurs racks.
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Figure 4.~ Rivets u:e-d on anodized 2481' nllo: panala expo-ed to tidetater. Bote the navore corrosion on E

anodiced A17ST and 53ST rivets, and the relatively slight attack on anodized 175T rivets, In
this, and all of photographs which follow, the large letters at the right apply to the entire horisontal
rows, while those at the tops or bottoms apply to the entire vertical rows, x1
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Figure 5.~ Hivets used on panels of Alcled 24ST, 53ST, and 52S5-1/Z2H zlloys
exposed to tidewater. None of the rivets are corroded. xi/p
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Figure 6.~ RHivets used on various alvmirnum-allcy psnels exposed to the weather. The rivets on
anodized 24ST slloy that were severely attacked in the tidewater tests (fig. 4)
show very little attack here, x1/z
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Pigure 7.~ Rivets on Dowmetal M panels exposed to tidewster. The AMS55 rivets proved far
superior to the others and the panels on which they were used were likewise the
least attacked. The effectiveness of the paint coatings in preventing attack is noteworthy. x %
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Tigure 8.~ Rivets on Dowmetal M pancls exposed to the weatner, The AMSSS rivets again show the
"~ least attack. Corrosion in general was much less severe than in the tidewater tests
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Figure 9,- Welded alvminum-sllcy panels exposed to tidewater, Note the absence of corroslon on the gas

welds, and the relatively slight amount present on the spot welds., On the spot welds, the
alloy within parentheses was joined to the one pictured. The surface shown is the side on which the
greater attack occurred on the welds. x}
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Figure 10,~ Welded aluminum-alloy panels exposed to tidewater, The

'v.‘ .
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P

) 'ALCLAD 24ST'

WE T SEAM WELDS 1!

seanm wolds are somowhat more

atiacked than the spot welds, the worst corrosion being present on the 53ST sheet alloy.
The dark color of scme of the welds was caused by the coppsr electrodes used for welding. x 1
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Tigure 11.~ Welded alumimm-alloy panels sxposed to the weather. The attack was more severe, on both
types of weld, than in the tidewater tests (fig. 10). x1
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Figare 12.- Welded Dowmetal M alloy panels exposed fo tidewater or to the weather. The spot welds were
very susceptidble to attack, but the gas!.weldl_ were Quite resistant, x1
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Figure 13.~ Panels expooed to tidewater and having various sluminum alloys in contact with each other.
Note the absence of corrosion products around the edges of the strips, except for a slight
amount on the 52S.1/2H panels with the Alclad R4ST strip. x1
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Figure 14.~ Panels exposed to tidewater and having 34ST material in contact with other aluminum allays,
which were snodic to it. Note the very severe pitting on the 525-1/2H strip and the
differences in behavior depending on which alloy had the greater area. x1
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Pigure 15.- Panels exposed to tidewater or the weather and having sluminum alloys in ccntact with
cadmivm- and sinc-plated X~4130 S.A.E. steel strips. The zxinc coating was attacked in
all cases, but the cadmium, joined to alloys 528-1/23 snd 53ST, was pra.ctictlly wattacked. xt/z
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Figure 16.- Panels cxposed to tldewater or the westher and having aluwinum alloys in contact with

stainlenss steel, The sluminum alloys were severely attacked, with the least corrosion
occurring on the 52S-1/2H and 53ST alloys. The attack was much lese sev re when the sres of the
aluminum &lloy was large as compared with that of the steel, x 1/4
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Note- All rivels are
T .- ANGDIZED TIST

i PANELS EXPOSED To =
Ax TIOE-WATER — | YEAR

..... 5 - - - T

Figure 17.~ Panels exposed to tidewater and having sluminum-slloy strips
in contact with various nickel alloys. The aluminum alloys
were snodic and were severely attacked, x 1/z



PANELS EXPOSED TO S 4 )
TIOEWATER ~ t YEAR R T I'.‘ . ) XL P ”

attecked by the corrosion product resulting from attack of the magnesivm alloys.
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Figure 18,~ Unpainted panels exposed to tildewater and having aluminum and magnesium alloys in
contact. The potential differences were high and the alloyw initially constituting
the strips practically all disintegratod, The alumizum alloys were cathedic but were in turn

X1/
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Figure 19.- Painted panels exposed to tidewater or the weather and having aluminum and magnesium

alloys joined together, The insulating affect of the palnt apprecisbly retarded
corrcsion, especially in the weather-exposure tests. Potential differences were highest betiween
the magnesium alloye and the 24ST and Alclad 24ST aluminum alloys. X 1/2
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Figure 20.. Panels exposed to tidewatsr or the weather and having megnesimm alloys in contact

with sach other or with stainless steel. The potential differences involved were
higher than for any other contacts investigated, aund the magnesiuum alloys wers very rapidly
sttacked whon next to stainless steel. Dowmstal N proved ancdi: to Dowmstal H. Painting afforded
considerable protection, especially in the weather-exposure tests. > 1/z
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Figure 21.- Anodicelly treated 24ST panels exposed to tidewater or the weather with various
protective pelnt coatings. Although the coatings all afforded excellent protection
under the severs condliions, fallure hes begon, in the tidewster testsz,on the 1Ll12e lacquer ard

on the 52V16 varnish on a P23 primer, x 1/z
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Figure 22,- Magnesium~alloy panels exposed tc tidewater witn varlcus protective paint coatings.

The schedules having the Bakelite XE3944 or the Brooklyn 74 vernishes over a P-27
primer afforded excellent protection. Note the difference in behavior of various coatings
conforming to Navy Specification V10, The chrome-pickle surface treatment prcved somewhat mecre
effective than the anodic treatment on the Dowmetal H panels. x1/%

LN S0 TEOTUNDIDY “V'rotury

924

g ‘g




TR T H!
N S VSR N

All rivels are amzss alloy-

AN 'S D
— s e

SKYWARD SHREACES SKYWARD SURFACES
WEATHER— 74 MONTHS ~ WEATHER— 72 MONTHS

Figure 23,- Magnesiwm-alloy panels expoged to the weather with varicus protective paint costings.
Note tbe inferiority of the unpigmented paints, especially those spplied to polished
surfaces, as evidenred by numerous pin-point areas of corrcsion product formed beneath the costings. x4z
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Figure 24.~ Magnesium-alloy panels exposed to the weather with various protective peint coatlngs

L

applied over chromg-pickled or anodized surfaces, Failures occurred on all these

penels, The Navy gray coatings chalked badly. The anodic treatment proved somewhat superior to the

chrome~pickle treatmeni, but not enough so to be of much practical significence. )
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Figure 25.- Relative efficiencies of various matsrials
used as separstors (fig. 3) for suspending
stainless-steel panels in the tidewater tests, Column
A panels were suspended by the four-point method:
Column B panels were in centact with the supporting
medium over an area approximating 1 square inch. All
panels shown were exposed for 1 year. Note the
superiority of the point method of suspension. x 1

Fig. 25
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Figurs 26, Stainless-steel panels of various compositions, expoted te the weatber. Note the prevalence
of rust tbat formed in thin, but adherent layers and tended to ba worse on the welds than on
tbe rest of the panels, The steel containing molybdenum proved appreciably more corrosion resistsnt than

the others. %1
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NLESS STEEL PANELS
SED TO TIOE-WATER — | YEAR
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Pig. 27

Figure 27.- Stainless-stecl

- panels exposed

. to tidewater for one year.

The attack was much less
severe than in the weather-
exposure tests (fig. 26),
but the 16-~1 chromium-
nickel alloy egain proved
the most susceptible to
attack,. xXl1z -



